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Abstract - An experimental study was conducted to evaluate the breakout strength of stirrup-reinforced cast-in anchors under
dynamic shear loadings. The shear loadings were applied in the manner specified in the ACI 355.2 and ETAG 001 for the seismic
qualification tests. Test specimens were fabricated with M36 anchor (edge distance, 180mm) reinforced with D10 stirrups
(spacing, 100mm). The specimens reached almost the breakout strength and thereafter fracture of anchor occurred. Additional
tests with M42 anchor (edge distance, 160mm) reinforced with D6 bars (spacing, 100mm) were also conducted. The
experimental results showed that the dynamic shear strength was not less than the static resistance. Based on the test results, it
was shown that ACI 318 and ETAG 001 specifications estimate the breakout strength of stirrup-reinforced anchors conser-
vatively as more reinforcement is provided.

Keywords - Cast-in anchor, Stirrup reinforcement, Seismic qualification tests, Shear loading, Dynamic breakout strength

L A= R 7R oA EA9] AAdutd(ductile failure) 2} #(cone)

Fef o] FAYE 2ot (plastic failure), & ZHEu}

J| A= 73 715olu SMES] 7)7] 5-& 22T E V] (breakout failure)o|tt, ZAHE tt&uly]| 7t == 20004

ol BANILE F0T AF 2aolo], B3 U 4 7] 4% s e 85°9) sjetu]S WACATY] A half—py—

Folu 71719] H2k2 A/d%] YA (cast—in anchor)7} Tf ramid 4}, Fig. 1 %) 22 0]A8}3F CCD(Concrete Ca—

A= AgE, AA 7| E Mo g A AISAL Q= B pacity Design) B o] n]aol A ACT 318-021We], 9
oF o] Il = Aol e YA HEAA 9] oA ETAG 001 Annex C¥of ZH2} el =|9lct,

0]Z ACI 318—08%of| AE| % (stirrup) ¥ 7} (Fig, 2 I=

Note.-Discussion open until October 31, 2018. This manuscript ACI 7]&0]4+= Edge and Anchor Reinforcement® A3}

for this paper was submitted for review and possible publication BA o that FH o] Aoz AAE L) o] w B o] A
on August 18, 2017; revised February 13, 2018; approved on '

7

gl

February 20, 2018, P il A ES] AT YE Ee I A
Copyright (© 2018 by Korean Society of Steel Construction AN (EIATEL A FANE 1HEER 511 Qi) vt
*Corresponding author. ¥ ETAG 001 Annex COllA= ML 17} o7 o] Ackalzo]
Tel. +82-51-510-2350 Fax. +82-51-513-9596

: - g A ES B 2av e stnydEg 7R

E-mail. ympk@pusan.ac.kr

et
4
o
4
N
o
]
rir

23 A308 A2EEY A153E) 20189 4 67



SEY BAE AR 7Y A ximej el ot &

Fig. 1. Idealized breakout model for shear loading in CCD
method
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Fig. 2. Edge and anchor reinforcement!”’
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Fig. 3. Reversed cyclic loading profile by Petersen et al.®

Table 1. Test results of stirrup-reinforced anchors by Petersen

et al.®
Anchor (Eeomf; ft}l/)zfs Loading |Peak load| P ...
diameter and spacing) type (kN) (kN)
. 98.7
Monotonic 100.0 99.4
M19 2-D10@51mm
Cycli 74.2 71.6
yele 68.9 '
. 174.2
Monotonic 196.1 185.1
M25 4-D13@51mm 172.2
Cyclic 159.8 161.6
152.8
170.8
Monotonic| 154.4 158.0
148.6
M25 2HA+4H#3
@76mm 149.5
Cyclic 141.3 147.2
150.7
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Fig. 4. Configuration of test block: M36 anchor, D10 stirrup
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Table 3. Summary of static and seismic qualification test results

AEE - o5

Anchor Specimen Loading fu. (MPa) Stirrup ¢,; (mm) V., (kN) Mean V, (kN)
M36-ST-1 . 145.1
M36.ST-2 Static 1521 148.6
M36-Cl1-1 Dynamic 130.3
M36-C1-2 153.1 145.6
M36 V36013 (C1 type) 30.8 D10@100 180 1534
M36-C2-1 Dvnami 156.5
M36-C2-2 (cz a ec) 146.2 152.9
M36-C2-3 P 155.9
M42-ST-1 . 109.4
M42-ST-2 Static 93.8 101.6
M42 M42-C2-1 D . 28.6 D6@100 160 116.5
M42-C2-2 ( Cé“amlc) 118.6 116.0
M42-C2-3 type 112.9
Table 4. Measured strain of stirrups
. Load Strain (x10°)
Specimen ID
(kN) SR1 SL1 SR2 SL2 SR3 SL3 SR4 SL4
M36-ST-1 145.1 4,571 4,114 1,847 1,767 131 769 -142 -184
M36-ST-2 152.1 3,770 2,230 1,394 1,249 161 85 237 -62
Average 148.6 3,671 1,564 287 -38
M36-C2-1 156.5 2,519 3,271 1,424 1,597 514 638 224 8
M36-C2-2 146.2 2,365 2,269 1,507 862 664 474 41 -274
M36-C2-3 155.9 3,725 5,502 1,578 1,779 369 698 55 56
Average 152.9 3,275 1,458 560 18
M42-ST-1 D 1,790 2,091 1,477 1,001 -1,850 -2,277
M42-ST-2 - 3256 | 3,143 622 | 1230 | 3240 | 2045 | VA NA
Average 2570 1088 -2355 -
M42-C2-1 1,648 2,215 792 728 -1,581 -2,394
M42-C2-2 90.0? 3,965 2,115 1,104 1,264 -1,811 -2,503 N/A N/A
M42-C2-3 1,964 2,756 1,295 1,142 -1,683 -1,534
Average 2,444 1,054 -1,918 -

Note: 1) Average maximum load is 101.6kN, 2) Average maximum load is 116.0kN
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Table 5. Comparison of the shear strength (unit of V: kN)
T s ; , ; ACI 318-11 ETAG 001 Method-2
est tirrup ok Ca Ca1 y
Vs
specimen | reinf. |(MPa)|(mm)| (mm) | (MPa)| | e Vo | L | Ve o Tiew | Ve | Fiew
Eq. (Ib)| Eq. )| Vier |Eq. 3)| Verae |Eq. 4) | V.
8-D10
M36 anchor 30.8 | 180 150 445 |148.6| 93.8 63.5 1.48 102.7 1.45 136.1 1.09
@100mm
6-D6
M42 anchor 28.6 | 160 | 130 339 |101.6| 75.8 21.5 1.34 92.4 1.10 89.0 1.14
@100mm
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Table 6. Summary of breakout shear strength for unreinforced and reinforced anchors

Specimens Loading Anchor fu (MPa) ¢,; (mm) Rebar (£)) Vs kN) Vi Vaa.
Unreinforced!” Statlc. M30 27.0 150 none 61.9 1.008
dynamic 62.4
. . Static D10 81.0
Hairpin reinforced dynamic M30 25.7 150 (502MPa) 72.0 0.963
Static D10 148.6
. M36 30.8 180 1.029
Stirrup reinforced dynamic (445MPa) 152.9
(C2 type) Static 101.6
dynamic M42 28.6 160 D6 (339MPa) 116.0 1.142
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